BACKGROUND Dry skin is a major skin health problem in elderly. Green tea, which has an antioxidant effect, has recently been used as an active ingredient in moisturizing creams; yet the effect has not been well studied. This study compares the skin hydration effect of green tea and vitamin E moisturizer among elderly.
INTRODUCTION
The skin is the outermost and largest organ of the human body, while one of its major roles is as a protective barrier against microorganisms and as the body's temperature regulator. Skin dryness increases the risk of developing several skin diseases, such as atopic dermatitis, irritant contact dermatitis, allergic contact dermatitis, ichthyosis, and psoriasis. (1) The protective function of the skin is primarily performed by the epidermis, of which the stratum corneum is the outermost part. (2) The stratum corneum is a dynamic structure that continuously responds to various daily exogenous factors. The epidermal layer of the skin protects the body against many external stressors including physical (mechanical, thermal, ultraviolet rays) and chemical (solvents, surfactants, xenobiotics). (3) It also protects the skin from being dehydrated through transepidermal water loss (TEWL). (4) Every year, the older population in Indonesia increases in number. Statistics for 1980 recorded seven million older individuals in Indonesia. In 2006, this number tripled to 19 million people, and in 2010 increased to approximately 23 million people. (5) It has been predicted that in 2025 and 2050, the number of elderly in Indonesia will rise to 34,592,000 and 67,353,000 people respectively. (5) This will cause a parallel increase in the number of skin-related diseases, especially because older individuals have a thinner stratum corneum, fewer hair follicles, and lower skin hydration level as compared to the younger. (3) Skin dryness may increase TEWL, which in turn will increase skin dehydration. (6) Moisturizers are the most common skincare products that are often used to reduce dryness of the skin by minimizing skin friction, softening the skin, and filling skin cracks. (7) The usage of moisturizers containing vitamin E for maintaining skin hydration has been well studied. It acts as an antioxidant and inhibits the formation of lipid peroxides, and thus prevents skin aging. (8) Recently, green tea has been introduced as an active component in moisturizers. Both green tea and vitamin E have antioxidant effects that have been related to delaying the aging process. (9) (10) (11) A study showed that green teacontaining cosmetic formulations have pronounced moisturizing effects and skin microrelief improvement. (12) Catechins are the major antioxidants in green tea (Camellia sinensis or Camellia assamica), but since they do not penetrate the skin well, the application of green tea in cosmetic products has so far been limited. (13) A review of numerous studies with green tea (Camellia sinensis) has concluded that both oral consumption and topical application of green tea protect against inflammation, and chemical and UV-induced carcinogenesis. (14) A study to evaluate the human skin penetration of epigallocatechin-3-gallate (EGCG) and quercetin from green tea and Gingko biloba extracts vehiculated in cosmetic formulations showed that both compounds exhibited good skin penetration and retention, which can favor their skin effects. (15) Meanwhile in India, vegetable oils have been used as skin moisturizers, especially in neonates and children due to their proven efficacy, low cost, easy availability and good safety profile. (16) Our study was to evaluate the effectiveness of green tea moisturizer cream in elderly persons, whose skins are dehydrated, making them more sensitive and fragile than young people's. There are promising results with the use of green tea for several dermatologic conditions. (17) However, the efficacy of topical green tea has not always been confirmed. One randomized, double-blind, controlled, clinical trial involving 40 women with moderate photoaging, who were treated with topical green tea extract, showed no statistically significant clinical improvements in these women. (18) This study evaluated the effect of a green tea containing moisturizer on skin hydration in older people.
METHODS

Research design
A quasi-experimental controlled study was conducted amongst elderly living in Tresna Werda Budi Mulia 4 Social Institution, Jakarta, from February 2015 until January 2016.
Research subjects
All subjects were aged 60 years or above, and included both men and women. The eligibility criteria were absence of dermatitis, erythema, psoriasis, and other skin diseases or tattoos on the arms, and currently not under any local or systemic therapy. Individuals were excluded if they developed any skin allergy or skin disease during the intervention period or if they did not comply with the study protocol. The sample size was obtained using the formula : (19) Where α = 5 %, so the Z α = 1.96; β = 20%, so that Z β = 0.84; the mean differenced was 5. The optimal sample size for each group was 30.
Intervention
The participants were randomly allocated to the green tea group and the vitamin E control group. Moisturizers containing green tea or vitamin E were distributed inside two identical standard containers, weighing 12.5 grams each. Trained caregivers applied the moisturizer on the participant's right and left forearms, twice a day after showering for 5 weeks. Each of the subjects' volar surface of the forearms was divided into three sites, i.e. proximal, medial, and distal, with application area of 2x2 cm each. Each measurement area was approximately four square centimeters.
Measurements
The skin hydration level was measured with the Runve HL 611 skin analyzer at baseline and every week during the 5-week intervention. The skin analyzer had to be placed on the skin with constant pressure until both contacting poles depressed the skin. After three to five seconds, the measurement result would appear on the LCD screen. Treatment application was monitored daily by evaluating the used container and by cross-checking information between the respondents and the field workers. Dropouts were those allergic to any ingredient in the moisturizer, those with skin diseases, severe medical condition, reluctant or incompliant subjects, and participants who passed away during experimental period or transferred to another social institution.
Relative changes in skin hydration were evaluated from the baseline value, and were expressed as percent differences in skin hydration between each week of follow-up and baseline.
Statistical analysis
To evaluate the repeated measurements, we used the Generalized Estimating Equation (GEE) statistical procedure. Data distribution was found to be normal. Potential confounding factors related to skin hydration were evaluated, such as age; sex; frequency of showering (minimally twice a day); whether subjects had been using other moisturizers, eucalyptus oil, balm or powder; whether any skin disorder was present; and liquid intake (in cups/day). The statistically significant was used at p < 0.05.
Ethical clearance
The study was approved by the Human Subjects Committee of Trisakti School of Medicine 8/KER/FK/V/2015. Each participant had given an informed consent.
At the start of the study 62 subjects were recruited, among whom 60 were found to meet the inclusion and exclusion criteria. During the five-week study period, there were no dropouts. At the end of the study there were 60 remaining subjects, comprising 26 subjects in the green tea group and 36 subjects in the vitamin E group (Figure 1 ).
The overall rate of compliance over 5 weeks of intervention was 69.8% in both groups (60.5% in the green tea group, and 79.1% in the vitamin E group; p=0.061). Baseline characteristics of the respondents are shown in Table 1 . The mean age of the respondents was 75.4 ± 8.5 years, and most participants (73%) were women. There were no significant skin hydration differences between the groups at baseline, and in some factors that are of potential influence on skin hydration (p>0.05). The green tea group had a significantly higher relative change of skin hydration than the vitamin A B C Figure 1 . Flowchart of the research subjects Table 2 . Relative changes from baseline in skin hydration during 5 weeks of intervention by treatment groups Data presented as mean ± SD E group at all measurement locations (p=0.021 for proximal, medial and distal right arm, and proximal left arm; p = 0.034 for medial and distal left arm) ( Table 2 , Figures 1 and 2 ). Within each of the two groups, skin hydration improved during the 5 weeks of intervention, indicating the presence of a time effect (duration of moisturizer application) in skin hydration changes, especially at the proximal (p=0.021), medial (p=0.006) and distal right arm (p=0.006), as well as at the medial left arm (p=0.021). At all measurement sites, we found no correlation between the effects of the moisturizer and the duration of intervention on the relative changes in skin hydration. Both moisturizers showed a parallel trend in the relative change of skin hydration during the overall 5-week intervention (p>0.05 for the moisturizer and time). Additional adjustments for some factors related to skin hydration did not change overall results. Furthermore, we observed that over the 5-week study period, both groups did not have any objective signs or subjective complaints that might be interpreted as being the side effects of the moisturizer.
DISCUSSION
This study shows that moisturizer application is crucial for the elderly skin. It prevents pruritus, thus maintaining the highest degree of skin integrity. The elderly tend to acquire a drier skin, therefore proper moisturizer usage is necessary to avoid dry skin-related problems, such as pruritus. Other studies have also emphasized on improving and maintaining elderly skin hydration with topical or oral supplementations. In their study, Mahmood et al. (16) found that application of the combination of green tea plus lotus extract as moisturizer lead to a greater improvement in skin hydration than did each ingredient alone. In another study, Chiu et al. (18) found that consuming green tea polyphenol with milk is good for the elderly, because catechin from green tea will bind to the milk protein casein and form a catechin-casein complex. The bioavailability of the catechincasein complex in the digestive tract is better than catechin alone, therefore greater absorption levels of the antioxidant will be achieved. This antioxidant is crucial for skin integrity. A study by Lee at al. (19) on Asian female subjects aged 32-56 years discovered that fermented green tea consumption has a cooling effect on women's peripheral skin temperature, which is useful for people with cold hypersensitivity. These studies were similar to our study in their objective, which was to maintain skin hydration in order to keep the skin barrier intact. However, they slightly differ from our study in the methods used, the longer-term study design, and the use of more advanced measuring equipment.
With increasing age and presumably also aging process, the need for moisturizer application increases. Our study showed that among 60 participants, approximately only 2.3 -7.0% had been using moisturizers before this study was conducted. Skin disorders were found in 20.9% of participants in both groups such as atopic dermatitis, chronic lichen simplex, scabies, ichthyosis, and tinea corporis. In subjects with skin disorders, the measurement was still done at the three locations (proximal, medial, distal), because the results showed that the skin hydration level between both arms at the three locations were not significantly different at baseline.
As an anti-aging substance, vitamin E has proved to be a stable, easy to formulate, and reasonably priced emollient. Vitamin E acts as an antioxidant substance that prevents lipid peroxidase activities in cells and soft tissues, skin softening, and that reduces inflammation caused by reactive oxygen species, as well as being a topical skin photoprotective. (20) Vitamin E as alpha tocopherol or tocopherol acetate is also used in over-the-counter drugs in 1-5% concentrations to hydrate the stratum corneum and increase the water binding capacity of the skin. (20, 21) Green tea leaves contain around 30-35% polyphenols, which comprise a number of catechins (flavan-3-ols). Catechins consist of 4 main components, i.e. epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG), and epigallocatechin gallate (EGCG). Epigallocatechin gallate is the most effective antioxidant component among the four types mentioned and protects the skin from photocarcinogenesis and UV-induced phototoxicity, (22) (23) (24) and also reduces skin hyperpigmentation. (25) Polyphenols in green tea may inhibit the activity of collagenase and increase the biosynthesis of collagen in fibroblasts to further protect the skin from free radicals. (9, 26, 27) Moisturizers protect the skin through occluding the TEWL process by creating a protective layer above the stratum corneum. Another mechanism is by increasing water absorption into the stratum corneum (humectant), and filling the gap between desquamating keratinocytes to create a softer skin (emollient). Moisturizers also act as protein rejuvenator to improve the water storage of the epidermis. (2, 7) Our clinical trial showed that both vitamin E and green tea extract may be used as an active component of moisturizers, as both substances may act as an antioxidant in moisturizers and in anti-photoaging. The latter further reduces UV exposure that may lead to dry skin.
Between the two study groups, no statistically significant difference was observed. The two groups applied the moisturizer after showers, twice daily. Strict surveillance was done by the field officer because most of the subjects were elderly, who presumably have some degree of memory impairment. The application of the moisturizers by the field workers was monitored by measuring the remaining amount of each moisturizer by the end of the week. Daily application by the field workers and subject compliance were important aspects in this study, since the moisturizers require regular usage in order to achieve a good skin hydration status. Under-treatment of dry skin may give rise to multiple skin disorders, and the resulting itch may cause the patient to scratch, causing secondary skin infections. The management principle of dry skin is to restore the integrity of the stratum corneum, and application of moisturizers may help improving skin hydration status, especially in the elderly. Moisturizers act as occlusive, humectant, and emollient substances that improve the water content of the stratum corneum. (2, 4) In our study, no side effects were observed following application of either moisturizer to the study participants. There were no objective side effects such as mild erythema and allergic reactions by the second and fifth week after the initiation of intervention. Subjective side effects such as itch, pain, or stinging sensation were also not reported. This result showed that it is safe to apply moisturizer containing either vitamin E or green tea extract.
Since in practice the subjects had to apply the moisturizer by themselves, personal compliance is very important. Significant moisturization effects can only be achieved with regular usage. One experimental study showed that low compliance reduces the effectivity of moisturizers in improving skin hydration status. (20) In our study, the compliance status of the study participants was associated with improvement of skin hydration status in both groups. On the other hand, incompliance of several subjects and the significant number of drop-outs were identified as the limitation of this study. The study aimed to educate and persuade the elderly to apply moisturizers to keep their skin hydrated. Further studies in the future should utilize a better skin analyzer, in order to obtain more specific and standardized data.
CONCLUSION
